Bone fractures, especially when treated surgically, are connected with changes in the homeostasis of the elements of which bone compounds consist, as well as the ones which participate in controlling processes. Such changes influence both the fracture itself and the operative procedure. For successful treatment of broken bones, it can be crucial to bring the homeostasis of bioelements back to the normal state.
Thus, the aim of this work has been to determine magnesium and calcium concentrations in plasma from patients with fractures of long bones, and to analyze changes in the examined elements depending on the time after the operative procedure, injury and patient's age.
The research was conducted on the blood of patients: 1) with long bone fractures treated surgically, 2) after a limb amputation because of a fracture or injury, 3) with long bone fractures and with multiorgan injury. With respect to the patients' age, there were 3 groups: 1) patients aged 18-40 years, 2) patients aged 41-60 years, 3) patients older than 60 years. In the postoperative period, the patients were on a strict postoperative diet, receiving only i.v. 0.9% NaCl and 5% glucose solutions.
Blood was taken from patients first directly after admittance to hospital and next on the first, third, fifth and seventh day after an operative procedure.
Plasma calcium and magnesium concentrations were determined by the method of emission spectrometry with induction plasma (ICP-OES). The results were worked out statistically. The differences p<0.05 were taken into consideration as statistically significant.
The research showed that in the blood plasma from patients with long bone fractures treated surgically, there were noticeable decreases of calcium and magnesium concentra-tions mainly on the first, third and fifth postoperative day. These changes depended on the extend of an operative procedure, but did not depend on the patients' age. However, with respect to magnesium, its statistically significant decrease was noticed in the group of oldest patients.
INTRODUCTION
Calcium makes up just 1.4-1.6% of body mass and it is mainly accumulated in the skeleton (99%). The remaining 1% of this element is in the blood plasma in three forms: in an ionized form -about 48%, bonded with proteins -46%, in complexes with citrates and phosphates -6%. Calcium salts are components of the skeleton and teeth, ensuring their proper resistance and hardness. It is calcium that many enzyme activity, muscle functions, humoural stimulus transmission, proper heart action, blood coagulability and iron absorption in organism depend on (BENECH et al. 1998) . Calcium is also an important component of cellular and intracellular membranes, which conditions their permeability. In order to provide adequate amounts and availability of calcium ions, an organism maintains the proper homeostasis, both at the cellular and systemic levels. Calcium deficiencies and disturbances in hormonal secretion processes, directly interfering with homeostasis of this element, are the causes for different pathologic syndromes. The main regulators of calcaemia are parathormone, vitamin D and calcitonin. Parathormone, which is synthesized by parathyroid glands, increases calcium release and its renal reabsorption, and it probably also enhances intestinal absorption of this element. Calcitonin decreases calcium release from the skeleton and increases its release by kidneys. Calcium stimulates the secretion of calcitonin. Active metabolites of vitamin D, especially 1,25-dihydroxycholecalciferol, increase intestinal absorption of calcium and its renal resorption (KOKOT 2001 , LEPAGE et al. 1998 , OTTO-BUCZKOWSKA 2002 . According to ZDROJEWICZ and BELOWSKA-BIEÑ (2003) , it is also a calcic receptor (CaR), which belongs to group C of receptors connected with protein G that plays an important role in the process of calcium homeostasis maintenance. This receptor is mainly situated on the surface of parathyroid glands, kidneys, intestines, bones and thyroid C cells, but also in tissues that are not connected with calcium metabolism, such as skin, the brain and the pancreas. Calcium receptor mutations are the reason for the whole family of existing disorders in calcium metabolism.
Main symptoms of reduced calcium concentration in blood, i.e. hypocalcaemia, are arrhythmia, intensified muscular excitability, anxiety, vertigo and stomachache. In the case of a prolonged calcium deficiency in an organism, processes intensifying its release from bones begin. If such a state lasts for a long time, then mechanical bone resistance decreases and bone decalcification is initiated. As a consequence, bones lose their resistance to injuries and the risk of fractures increases due to weaker bone structure and progressing osteoporosis. Prolonged calcium deficit can also cause dental caries, rickets and disorders in many other Processes (ALLGROVE 2003 , JAKUBAS-KWIATKOWSKA et al. 2005 , TAKAMI, IKI 2005 .
Magnesium also plays an important role in human physiology. It participates in many metabolic, regulatory and structural functions. Nowadays, it is claimed that this element plays a role as a cofactor of over three-hundred enzymes involved in biochemical reactions connected with storage and usage of energy, carbohydrate catabolism, protein and fat synthesis, membrane transport of sodium, potassium and calcium, proper nerve conduction and efficient functions of muscles, especially the cardiac muscle (AL GHAMDI et al. 1994 , DROESTI 1995 , 1991 , MARCINKOWSKA-SUCHOWIERSKA 1991 , PAPIERKOWSKI 2002 .
Magnesium is also an element which is necessary for life. It is the second cation as regards the amount in a cell, and the fourth with respect to the amount in a whole organism (PASTERNAK 2000 , TAKAMI, SHINNICHI 2005 . There is about 1,000 mmol of magnesium in an adult human organism, out of which about 50-60% is found in bones. Next to calcium, magnesium is the main mineral component which is necessary for the proper formation of the skeletal structure (FORMANOWICZ, FORMANOWICZ 2004 , £ONIEWSKI 2003 . On a cellular level, magnesium acts as an activator of many enzymes (NORONHA, MATUSCHAK 2002 , PASTERNAK 2000 , SARIS 2000 , WOLF, CITTADINI 2003 .
Magnesium homeostasis is supported by the state of balance in processes of supply, absorption, use and excretion of this element. The proper magnesium concentration in the plasma ranges from 0.7 to 1.2 mmol dm -3 (NORONHA, MATUSCHAK 2002) , and owing to magnesium release from tissues, mainly bones, it is possible to keep it at this level even during high Mg deficiency. Thus, changes in magnesium concentration in the plasma do not inform us about its reserve in tissues, but can indicate magnesium metabolism (MARCINKOWSKA-SUCHOWIERSKA 1991 , NORONHA, OGOÑSKI et al. 1997 . Among clinical consequences of disturbed magnesium homeostasis, we can name arrhythmia and neurological disorders, both of which can cause higher mortality (ALLGROVE 2003 , JOHNSON 2001 , KOZIELEC, STAROBRAT-HEMERLIN 1998 , PASTERNAK 2000 . Hypomagnesaemia is most often caused by reduced magnesium supply with food, excessive excretion in urine, disturbances in its absorption in the alimentary tract and disorders in the distribution of this element in an organism. Clinical observations show that hypocalcaemia quite often accompanies hypomagnesaemia (OTTO-BUCZKOWSKA 2002) .
Magnesium deficiency in an organism causes loss of muscular strength and inferior neuromuscular transmission, which leads to inferior movement coordination and a higher risk of a fall, which can be the main reason for bone fractures, especially fractures of forearm bones and the femoral bone. The risk of a fracture for women aged over 50 years is 39% (CZERWIÑSKI, BOROWY 2006) . Insufficient magnesium supply to a human organism has been pointed recently as one of the risk factor for osteoporosis (GRAJETA 2003 , KORKOSZ 2003 , TAKAMI, IKI 2005 . There are some mechanisms implied as responsible for depressing the skeletal mass when there is lack of magnesium in an organism. These are mainly mechanisms stimulated by nutrition and environmental conditions. Some research conducted on animals showed that magnesium deficiency causes inhibition of bone growth, acceleration of bone tissue resorption, decrease in bone capacity and increase in bone fragility (KORKOSZ 2003 , SKIBNIEWSKA et al. 1999 .
Most elements in blood, especially calcium and magnesium ions, highly influence bone tissue metabolism. Bone is the kind of tissue where many metabolic processes continually occur. It is a live tissue, constantly changing into new one during reconstruction processes, which simultaneously take part in different places of the skeletal system (GALUS 1994) .
The skeletal system vulnerable to fractures, which are most often connected with injuries and the health state of this system. The extent of an injury, direction of the applied force and type of a bone are crucial for the type and extent of a resulting fracture. The structure of bones and the degree of bone saturation with both organic and inorganic compounds are an important factor that influences each bone's vulnerability and, at the same time, conditions its resistance. Bone fractures, especially the ones treated surgically, are connected with changes in the homeostasis of elements of which bone compounds consist as well as the ones which participate in controlling processes. Such changes influence both the fracture itself and the operative procedure. For successful treatment of broken bones, it can be crucial to bring the homeostasis of bioelements back to the normal state. Thus, the aim of this work has been to determine magnesium and calcium concentrations in the plasma from patients with long bone fractures and to analyze changes in the examined elements depending on the time after an operative procedure, extent of an injury and the patient's age.
MATERIAL AND METHODS
The research was conducted on blood samples taken from patients treated surgically because of long bone fractures in the Surgery Clinic of the Independent Public Clinical Hospital No1 in Lublin and in a hospital in Ryki. The research was conducted with the consent of the Ethics Board of the Medical Academy in Lublin (consent no KE-0254/102/2006).
The group of patients consisted of 51 people, 30 men and 21 women, of the average age 51.7±17.9 years. The patients were divided into 3 groups. The first group consisted of patients with long bone fractures treated surgically (34 patients); the second one of patients who had a limb amputated because of a fracture or injury (6 patients) and the third group comprised patients with long bone fractures and with multiorgan injury (11 patients). With respect of the patients' age, there were 3 groups distinguished from the research group: patients aged 18-40 years, aged 41-60 years and patients older than 60 years. In the postoperative period (two days), patients were on a strict postoperative diet, during which they only received intravenously 0.9% NaCl solution and 5% glucose solution. However, they did not receive any infusion solutions, which could have influenced magnesium and calcium concentrations.
Blood was taken from patients' elbow vein directly after admittance to hospital and then on the first, third, fifth and seventh day after an operative procedure. The blood was sampled directly to heparinized test tubes. Next, the sampled blood was centrifuged for 15 minutes, at the revolution of 3000xg, in a MPW type centrifuge. The plasma was separated and frozen at -20ºC until the determinations.
Concentrations of the elements in the plasma were determined by emission spectrometry with induction plasma (ICP-OES), using a Liberty II model sequence spectrometer made by Varian Company. In this method, determination of a particular element was based on the measurement of the intensity of radiation emitted at a wavelength characteristic for a given element. For determination of calcium concentration the length 315.887 nm was applied, and for magnesium concentration the length 279.083 nm was used. The spectrometer was calibrated using multielement patterns by MERCK Company.
The results were worked out statistically with Medistat 2.0 version programme. The results were analysed by t-Student test, and the comparison of groups of results was done on the basis of Cochran-Cox test. The differences p<0.05 were taken into consideration as statistically significant.
RESULTS AND DISCUSSION
Magesium and calcium concentrations in the tested groups of patients are presented in Figures 1-2 and Tables 1-3. Plasma calcium and magnesium concentrations in patients with long bones' fractures are presented in Table 1 .
The average calcium concentration in the analyzed postoperative periods did not differ from its concentration determined on admittance to hospital.
Similarly, magnesium concentration, although decreasing in the postoperative period (on the first, third and fifth day), did not show any statistically significant differences in comparison to its concentration determined on admittance to hospital.
The plasma calcium and magnesium concentrations in patients with long bone fractures who had a limb amputated are presented in Table 2 .
In the analyzed patient group, the average calcium concentration fluctuated from 2.20 to 2.50 mmol dm -3 . The changes in the concentration of this element on the consecutive postoperative days were not statistically significant versus the concentration determined on admittance to hospital. A decrease in the magnesium concentration relative its concentration on admittance to hospital was noticed on the first, on the third and on the fifth postoperative day. The lowest magnesium concentration was noticed on the third postoperative day, which was statistically significant as compared to the concentration of this element on admittance to hospital.
The plasma calcium and magnesium concentrations in patients with long bone fractures with extensive soft tissue injuries are presented in Table 3 . The average calcium concentration fell to the lowest value on the first postoperative day, when it was 1.90 mmol dm -3 . The changes in the calcium concentration on each analyzed postoperative day were not statistically significant, as compared to the concentrations determined on admittance to hospital.
Magnesium concentrations were low. The highest concentration of this element was noticed on admittance to hospital; afterwards it continued to decline down to 0.60-0.70 mmol dm -3 . These changes, however, were not significant in comparison to the magnesium concentration on admittance to hospital.
Calcium and magnesium concentrations for particular age groups are presented in Figures 3-4 Calcium and magnesium concentrations in the youngest age group (18-40 years) are presented in Table 4 .
In the youngest group of patients (18-40 years), a statistically significant decrease, relative to the values determined on admittance to hospital, in the calcium concentration was noticed only on the first postoperative day.
Similarly, the magnesium concentration for this age group showed a very small decreasing tendency. The lowest concentration of this element was noticed on the first postoperative day, and it statistically significant as compared to its concentration on admittance to hospital.
Calcium and magnesium concentrations in patients 41 to 60 years old are presented in Table 5 .
In this age group, a decrease in the calcium concentrations was noticed on the first and on the third postoperative day, but these changes were not statistically important as compared to the concentrations determined on admittance to hospital. A -patients at the age of 18-40 years, B -patients at the age of 41-60 years, C -patients at the age above 60 years Magnesium concentrations for this age group, in comparison to the initial values, were lower on every postoperative day, but the differences were not statistically significant.
Calcium and magnesium concentrations in the oldest age group (over 60 years) are presented in Table 6 .
In the oldest age group, calcium concentrations were the lowest on the first and on the third postoperative day, but the differences were not significant.
In this group, low magnesium concentrations were noticed. On every analyzed postoperative day, the concentrations of this element were lower than on admittance to hospital. On the first, third and fifth postoperative day, these differences were statistically important.
Calcium and magnesium are among the macroelements that play a very important role in both water-electrolyte balance maintenance and cell excitability (KOKOT, 2007) . Therefore, much attention is paid to their concentration in any clinical research (KOKOT 1998 , TOMASZEWSKI 2001 . Disorders in concentrations of these elements can be caused by many factors, including operative procedures, which are connected with blood loss and systemic fluid depletion.
Magnesium concentration in the blood plasma analyzed on admittance to hospital was quite low, reaching particularly low concentrations in patients whose injuries were so extensive that they had a limb amputated. For these patients, the magnesium concentration was close to the low normal range and fell to the lowest value on the third postoperative day. This decrease was statistically significant as compared both to its concentration on admittance to hospital and to the normal values. Literature data support the results of this analysis, as there are reports on both low contents of magnesium in food (KOZIELEC, STAROBRAT-HEMERLIN 1998 , KREINHOFF et al. 1990 , PAPIERKOWSKI 2002 ) and on its loss in stressful situations (FLORIAÑCZYK 1997 , PASTERNAK 2000 . Due to the fact that magnesium is an intracellular cation, with only about 1% of its total content in an organism found extracellularly, the determination of its concentration can be only an indicator of magnesium metabolism. For the sake of maintaining normomagnesaemia, during a decrease in the magnesium concentration in the blood plasma, the element is released from tissues, mainly from bones, the liver or kidneys, so that hypomagnesaemia appears only when there is high deficiency of magnesium in tissues (PASTERNAK 2000 , WALASEK 1998 .
Moreover, loss of magnesium connected with a stressful situation, such as a fracture or an operative procedure, is very important for an organism. This claim is supported by other authors (PARTYKA, SITKOWSKA-RYSIAK 2001) .
Worth attention is the fact that a statistically significant decrease in the magnesium concentration on the first, third and fifth postoperative day was revealed in the oldest group (over 60 years). It could have been caused by reduced ability to maintain magnesium homeostasis and higher susceptibili-ty to stress. The results reported by other authors support the observation that the blood plasma of elderly people contains less magnesium (DURLACH 1991 , FLORIAÑCZYK 1997 , PASTERNAK 2000 .
CONCLUSIONS
1. In the blood plasma from patients with bone fractures treated surgically, decrease in calcium and magnesium concentrations was determined on the first, third and fifth postoperative day.
2. The concentrations of the analyzed macroelements (calcium, magnesium) in the blood plasma after an operative procedure changed slightly.
3. The changes in the concentration of the macroelements did not depend on the patients' age, although for magnesium, a reduction in its concentration was noticed in the group of the oldest patients (over 60 years).
4. For patients over 60 years of age, magnesium supplementation seems necessary.
